Purpose of Review The purpose of this review is to discuss current and new knowledge regarding liver disease in pregnancy and pregnancy post-liver transplantation. Recent Findings Severe liver disease associated with pregnancy is rare. Liver biopsy is rarely needed for diagnosis but is safe in selected cases. Intrahepatic cholestasis of pregnancy (ICP) with serum bile acids level > 40 μmol/L is associated with adverse fetal outcomes. Ursodeoxycholic acid should be initiated at diagnosis. Portal hypertension can worsen during pregnancy and screening endoscopy should be performed in the 2nd trimester. Maternal hepatitis B antiviral therapy can be considered in the 3rd trimester if HVB DNA > 200,000 IU/ml. Tacrolimus is the optimal immunosuppressive therapy during pregnancy post-transplantation. Preconception renal function predicts pregnancy outcome. Overall, the outcome of pregnancy post-transplantation is good but there is an increased risk of preterm delivery, low birth weight, hypertension, and pre-eclampsia. Summary Liver disease of pregnancy can be divided into diseases unique to pregnancy, exacerbated by pregnancy or coexisting with pregnancy. Overall, the outcome of pregnancy post-liver transplantation is good.
Introduction
Liver dysfunction during pregnancy represents a unique challenge to health care providers. Early recognition and appropriate management are warranted to avoid potentially serious consequences for both the mother and fetus. Other major considerations are the teratogenic effect of certain medications and the risk pregnancy may pose on any underlying liver condition. Differential diagnosis include diseases unique to pregnancy, pregnancy in the setting of underlying chronic liver diseases, and coincidental conditions to pregnancy such as viral hepatitis, and Budd-Chiari [1] . Gallstones are commonly seen during pregnancy; however, gallbladder and biliary complications are beyond the scope of this review.
Liver diseases unique to pregnancy are seen in approximately 3% of all pregnancies. However, severe liver injury is encountered in a small subset of patients [2] . The incidence of liver diseases unique to pregnancy in the USA is 0.77% [3] . Symptoms may vary according to the severity of liver injury from abdominal pain, nausea, and vomiting to signs of acute liver failure. Common physical examination findings in pregnancy are palmar erythema and spider angiomas and their presence may not indicate an underlying chronic liver disease. Normal changes seen in pregnancy should be considered in the interpretation of liver function test (LFT). Alkaline phosphatase can be elevated in the third trimester due to placental production. Alpha fetoprotein (AFP) is not routinely obtained in this group of patients; however, it is produced by the fetal liver and commonly elevated [4] . Any elevation in aminotransferases, bilirubin, or prothrombin/INR, however, is considered abnormal and requires evaluation.
Liver ultrasound remains the best initial diagnostic imaging modality. It is available, safe, and cost effective. MRI without gadolinium is the preferred alternative if the ultrasound cannot be obtained or non-diagnostic. Gadolinium crosses the placenta and the fetus excretes it into the amniotic fluid. Therefore, its use is not recommended. The CT is less preferable due to the risk of radiation, although it can be obtained if there is no alternative in a select group of patients [5] . The diagnosis can be determined in a vast majority of cases by clinical, laboratory, and imaging parameters. Liver biopsy is rarely needed to make the diagnosis. However, per This article is part of the Topical Collection on Liver * Jaquelyn Fleckenstein jflecke@wustl.edu American College of Gastroenterology guidelines, liver biopsy can be performed safely during pregnancy when required [6] . A recent study evaluated pregnancy outcome in 23 patients who underwent a liver biopsy during pregnancy. This study demonstrated no increased risk of bleeding or stillbirth. There was a moderate increased risk of preterm birth and small for gestational age [7] .
Liver Diseases Unique to Pregnancy

Hyperemesis Gravidarum
Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting seen in the first trimester. It affects 0.2-2% of all pregnancies. It can lead to dehydration; electrolyte disturbance; weight loss of greater than 5%; thiamine deficiency; and, in severe cases if left untreated, death [8] . The exact etiology of HG remains unclear. However, it might be related to hormonal changes during pregnancy. Potential risk factors include hyperthyroidism, molar pregnancies, diabetes mellitus, history of gastrointestinal disorders, and asthma [9] . Patients develop symptoms early in the first trimester, with 60% of patients symptomatic by week 6. Symptoms typically resolve by 20 weeks of gestation [10] . The presence of confusion and nystagmus should raise the concern of Wernicke's encephalopathy due to thiamine deficiency. Serum aminotransferases are usually mildly elevated and rarely raised > 1000 IU. Jaundice is extremely rare in HG [11] . Oher biochemical abnormalities are commonly related to dehydration and include hypokalemia, hypophosphatemia, and acute kidney injury. Biochemical abnormalities typically resolves with hydration and the resolution of vomiting. Persistent abnormalities despite the resolution of symptoms should prompt evaluation of an alternative etiology.
The treatment is largely supportive. Patients may require frequent hospitalization for IV hydration and antiemetics. Nutritional and vitamins supplementation especially thiamine is required [4] . In the absence of severe malnutrition, hyperemesis gravidarum is not associated with significant adverse pregnancy outcomes [12] . The risk of recurrence is high with subsequent pregnancies [13] .
Intrahepatic Cholestasis of Pregnancy
Intrahepatic cholestasis of pregnancy (ICP) is the most commonly encountered liver disease unique to pregnancy. It is characterized by pruritus, elevated serum bile acids level, and rapid resolution of symptoms after delivery, typically in 4-6 weeks [14] . The incidence of ICP varies according to ethnicity and geographic distribution. The general reported incidence is 0.2-2%. The highest incidence has been reported in South America and Europe [15] . The incidence of ICP is higher among pregnant women infected with hepatitis C virus which raises the concern for the need to screen all patients with ICP for HCV [16, 17] . The other risk factors for ICP include personal or family history, multiple pregnancies, advanced maternal age, and cholelithiasis. Estrogen and progesterone, genetic mutations in bile acid transport proteins and environmental factors play a role in the pathogenesis of ICP [18] .
Patients with ICP typically present with pruritus in the late second or third trimester of pregnancy. However, the development of pruritus at any stage of pregnancy especially after week 7 should raise the suspicion of ICP given reports of early presentations [15] . Pruritus of the palms and soles is the key symptom, although it can be generalized. The pruritus can be severe and may result in sleep disturbance in some cases. Skin rash is typically absent, and its presence apart from excoriations from scratching may indicate an alternative etiology of pruritus. Jaundice is rarely seen in patients with ICP. If jaundice develops, it tends to be mild and the bilirubin rarely exceeds 6 mg/dl [19] .
The diagnosis of ICP is based on characteristic clinical features and elevated serum bile acids (> 11 umol/L). Serum bile acids levels above 40 μmol/L are associated with adverse fetal outcomes [20••] . Serum aminotransferases are typically elevated in the majority of cases [14] . Aminotransferase levels > 1000 U/I have been reported [6] . Liver biopsy is rarely needed to confirm diagnosis. When performed, it usually reveals cholestasis with preserved portal tracts [21] .
Early recognition and management is of paramount importance given significant adverse fetal outcomes particularly if serum bile acids are significantly elevated. The treatment requires a multidisciplinary team approach with two main goals, alleviating maternal symptoms and reducing perinatal morbidity and mortality. Ursodeoxycholic acid (UDCA) is the firstline treatment. Based on a meta-analysis published in 2012, UDCA resulted in complete resolution of pruritus in 42% of patients and 61% had symptoms improvement. Furthermore, UDCA was associated with normalization or improvement in ALT and serum total bile acid levels and may improve fetal outcomes [22] . The dose of UDCA is 10-15 mg/kg of maternal body weight. It is usually well tolerated and has an excellent safety profile. For refractory pruritus, one of the following drugs can be added: cholestyramine, rifampin, and Sadenosyl-methionine [23] . Cholestyramine binds other medications which could lead to UDCA malabsorption so it should be given 2-4 h before or after UCDA. Dexamethasone is administered when delivery is considered to promote fetal lung maturity.
Serious adverse fetal outcomes are the main concern including fetal distress, preterm labor, prematurity, and intrauterine death. Serum bile acids levels of 100 μmol/L or greater are associated with increased risk of intrauterine death [18] . Maternal outcomes are excellent with resolution of pruritus a few days post-delivery as well as normalization of serum bile acids and liver enzymes. Most societies recommend delivery at week 37 given the increased risk of intrauterine fetal demise in the last 4 weeks of pregnancy [6] . The risk of recurrence in subsequent pregnancies is high and may reach up to 90% [24] .
HELLP Syndrome
HELLP syndrome is characterized by hemolysis, elevated liver enzymes, and a low platelet count and is a severe form of pre-eclampsia. The literature has expanded since then regarding the incidence, pathophysiology, risk factors, pregnancy outcome, and treatment of this syndrome. HELLP affects approximately 0.2-0.8% of all pregnancies. The incidence of HELLP is 8-24% among patients with severe pre-eclampsia [25] . It typically presents in the third trimester; however, onethird of patients develop HELLP in the first week post-partum. The onset of symptoms in the second trimester is not uncommon.
Inadequate immune tolerance results in damage to the invading fetal trophoblast early in pregnancy is hypothesized to be the initial phenomenon of HELLP. Endothelial injury and fibrin deposition may cause the microangiopathic process of HELLP. Subsequently, liver hemorrhage and necrosis may develop [26] . Maternal risk factors include high body mass index, infertility treatment, and a previous history of preeclampsia or HELLP [26] . HELLP syndrome might be the initial presentation of antiphospholipid-antibody syndrome [27] .
The clinical presentation is variable. Patients might be asymptomatic on presentation or may present with nonspecific symptoms such as malaise and nausea. Other symptoms that patients may report are abdominal pain, headache, and edema. Approximately, two-thirds of patients may have hypertension on presentation. Lack of proteinuria and normal blood pressure on presentation can be seen as well [28] .
Microangiopathic hemolytic anemia is the hallmark of HELLP. The classical findings of hemolysis are abnormal peripheral blood smear, elevated unconjugated bilirubin, low haptoglobin, elevated lactate dehydrogenase, and anemia [29] . Aminotransferases levels vary from mild elevation to levels > 1000 IU. Two classification systems exist for diagnosis of HELLP. Tennessee Classification requires the following for the diagnosis: AST > 70 IU/L, LDH > 600 IU/L, and platelets < 100,000 cells/L. The Tennessee Classification defines HELLP as "true" or "complete" if all three criteria are present. Partial or incomplete HELLP is used when one or more of the parameters is missing [30] . The second system is the Mississippi classification which further classifies HELLP based on the nadir platelet count as illustrated in Table 1 . Liver imaging should be performed in all patients with suspected HELLP.
HELLP is associated with significant mortality and morbidity. Immediate recognition and management are crucial given potentially life-threatening complications as a results of end organ damage. Deaths in patients with HELLP occur mostly in class 1. Delayed diagnosis appears to be a key factor in maternal mortality [31] .
Management of HELLP requires close coordination between obstetricians and hepatologists. Patients must be admitted to a monitored unit. Supportive treatment should be initiated immediately. Blood pressure control is necessary which can be achieved via IV medications including labetalol or hydralazine. Magnesium sulfate can be given to prevent seizures. Supportive transfusion should be considered to correct coagulopathy. Delivery is the only definitive therapy. The risk of recurrence is high with subsequent pregnancies [1] .
Hepatic Infarction, Parenchymal Hemorrhage, and Subcapsular Hematoma
Hepatic infarction is a rare complication of HELLP. Patients usually presents with abdominal pain, fever, and other symptoms related to HELLP. Laboratory evaluation reveals significantly elevated transaminases. Cross-sectional studies with either CT or MRI are required to make the diagnosis. Patients with antiphospholipid syndrome are the highest risk group as demonstrated in case series [32] . The presence of abdominal pain, fever, and ALT or AST that is > 1000 U/L should raise the suspicion for hepatic parenchymal hemorrhage and subcapsular hematoma. Supportive treatment is recommended for stable patients. Angiographic embolization or surgical interventions should be performed in patients with ongoing signs of bleeding or hemodynamic instability [33] .
Hepatic Rupture
Hepatic rupture is a rare but potentially fatal complication of HELLP. It is usually preceded by parenchymal hemorrhage. Characteristic symptoms and signs are abdominal pain, nausea, vomiting, right shoulder pain, and hypovolemic shock. 
Acute Fatty Liver of Pregnancy
Acute fatty liver of pregnancy (AFLP) is a life-threatening medical and obstetric emergency that occurs in the third trimester. It is characterized by microvesicular steatosis resulting in progressive liver failure and development of hepatic encephalopathy. AFLP carries significant maternal and fetal mortality [1] . The incidence of AFLP was variable in older studies. A study from the UK published in 2008 revealed that the incidence in the UK is 1 in 20,000 pregnancies [35] . AFLP is a mitochondrial disease. Long-chain 3-hydroxyacyl-coenzyme A (CoA) dehydrogenase (LCHAD) catalyzes the step in the β-oxidation of fatty acids in the mitochondria. If the fetus is homozygous for LCHAD deficiency, the intermediate metabolites of fatty acid metabolism will enter the maternal circulation. Maternal hepatotoxicity occur when the mother is heterozygous for LCHAD deficiency [36] .
Patients with AFLP present with a wide range of symptoms. Nausea and vomiting are seen in approximately 75% of patients whereas jaundice appears in 37%. Hepatic encephalopathy and coma may be seen in severe cases. Risk factors include multigravidas, increased maternal age, low body mass index, and multiple gestations [37, 38] .
Multiple laboratory abnormalities are seen in AFLP. Aminotransferases levels range from normal to > 1000 IU and bilirubin is usually below 5 mg/dL on presentation. Other commonly seen abnormalities are DIC, anemia, acute kidney injury, high ammonia, and hypoglycemia. Liver biopsy is a useful tool to confirm the diagnosis although not routinely performed. Furthermore, patients might be critically ill with coagulopathy which preclude the biopsy. Histologically, microvesicular fatty infiltration predominantly in zone 3 with lobular disarray and mild portal inflammation with cholestasis is seen [1] .
The Swansea criteria is a very helpful diagnostic tool to diagnose AFLP based on clinical criteria (Table 2) [2] . The number needed to make the diagnosis is between 6 and 9. When Swansea criteria were applied to patients who underwent liver biopsy, the sensitivity and specificity were 100% and 57%, respectively. The positive predictive value was 85% and the negative predicative value was 100% [39] .
Prompt recognition and management are essential given very high maternal and fetal mortalities. Immediate delivery is the key in managing patients with AFLP irrespective of gestational age. Correction of coagulopathy is required prior to delivery. Most patients recover within 4 weeks although the cholestatic hepatitis phase might be prolonged. Liver transplantation can be considered for patients with acute liver failure. Recurrence in subsequent pregnancies has been reported and counseling of affected women is crucial [33] .
Children with LCHAD deficiency may present with nonketotic hypoglycemia during fasting and hepatic encephalopathy [36] . A multidisciplinary team approach and effective communication are of paramount importance.
The differential diagnosis of diseases unique to pregnancy based on trimester is illustrated in Fig. 1 .
Coincident Liver Diseases with Pregnancy
Acute Viral Hepatitis
An acute rise in aminotransferases during pregnancy should raise the suspicion for acute viral hepatitis. The incidence of acute hepatitis A virus (HAV) in pregnancy is rare. Maternal and fetal outcomes are excellent. However, HAV can be associated with preterm labor and gestational complications if it occurs in the third trimester [40] . Management of acute HAV is supportive. The hepatitis A vaccine is considered safe during pregnancy and should be considered for high risk groups [41] . Breastfeeding is not discouraged even during acute infection [42] .
Hepatitis E virus (HEV) is a common cause of acute viral hepatitis particularly in endemic areas of Asia, Africa, and Central America. It is usually a self-limited disease and spontaneous clearance is common. However, the HEV course in pregnant women is different and potentially fatal. The disease course is severe during pregnancy with a mortality rate of 10-25%. Maternal mortality occurs in the third trimester [43] . Maternal complications include progression to fulminant liver failure, pre-eclampsia, and antepartum hemorrhage. Intrauterine fetal demise is common [44] . The treatment is usually supportive. Ribavirin is the drug of choice when antiviral therapy is indicated; however, it is contraindicated in pregnancy due to teratogenic effects. An effective vaccine has developed, but is not widely available and the safety in pregnancy is yet to be determined [45] .
Herpes simplex virus (HSV) rarely causes acute hepatitis in pregnancy. Prompt diagnosis is critical because it carries a significant risk in pregnant women. Symptoms of HSV are nonspecific. Patients may present with fever, nausea, vomiting, and abdominal pain. Mucocutaneous lesions are seen in less than 50% of patients [6] . The mortality rate of HSV hepatitis in pregnancy is approximately 40% [46] . Patients present with acute severe (anicteric) hepatitis or acute liver failure in the third trimester. Significantly elevated aminotransferases, thrombocytopenia, and normal bilirubin are commonly seen. The absence of cutaneous lesions does not exclude diagnosis. Treatment with acyclovir should be initiated immediately before confirmatory tests are obtained.
Budd-Chiari Syndrome
Budd-Chiari syndrome (BCS) is a vascular disease of the liver characterized by hepatic venous outflow obstruction. The disease may progress to cirrhosis if left untreated and the hepatic sinusoidal pressure is not reduced. Risk factors for development of BCS include trauma, hypercoagulable conditions, myeloproliferative disorders, oral contraceptive pills, and pregnancy. BCS usually presents with abdominal pain, hepatomegaly, and ascites. A Doppler ultrasound of the liver is sufficient in most cases to establish the diagnosis [47] .
Successful pregnancies in the setting of known BCS have been reported in the literature. Multidisciplinary care is required for patients with BCS before, during, and after pregnancy. Hypercoagulable conditions should be treated adequately because the pregnancy may exacerbate these conditions [48] .
Pre-existing Liver Diseases and Pregnancy
Cirrhosis and Portal Hypertension
Pregnancy in the setting of cirrhosis is an uncommon event although the worldwide incidence is unknown. Several metabolic and endocrine factors play a role in reduced fertility in patients with cirrhosis. The development of liver decompensation, hepatic encephalopathy, and worsening portal hypertension represents the main challenges facing pregnant women with cirrhosis [49] . The risk of cesarean section is high based on a recent population based study [50] . The main fetal risks are spontaneous abortion, premature birth, and still births [51] . Variceal bleeding is a catastrophic complication during pregnancy. It has been reported in 18-32% of pregnant women with cirrhosis [49] . The risk of variceal bleeding is high during the second trimester and delivery [1] . The mortality rate may reach 50% based on historic studies [52] . The management of bleeding esophageal varices is similar to nonpregnant patients. Pregnant women may undergo endoscopic band ligation, or TIPS when necessary. Because of the vasoconstriction property, octreotide infusion carries a theoretical risk of uterine ischemia and placental abruption so it must be used with caution.
Unplanned pregnancies can occur in patients with cirrhosis and may lead to serious complications. Therefore, we encourage women at childbearing age to discuss contraceptive methods with their hepatologists and gynecologists. There are no restrictions on the use of oral hormonal contraceptive pills in patients with compensated cirrhosis. However, their use is discouraged in patients with severely decompensated liver disease [53] .
Patients with compensated cirrhosis who desire to get pregnant should be medically optimized before pregnancy. Cirrhosis must be compensated and the portal hypertension is adequately controlled. Patients must undergo EGD for esophageal varices screening. If no varices are identified, the EGD should be repeated in the second trimester. Esophageal band ligation is the treatment of choice for medium and large varices found during screening endoscopy either prepregnancy or in the second trimester. When indicated, propranolol is the preferred non selective beta blocker agent during pregnancy. The data is lacking on the role of prophylactic TIPS [6] .
Splenic Artery Aneurysm Rupture
Splenic artery aneurysm (SAA) is commonly encountered in young women, when compared to other visceral arterial aneurysms. Contributing factors include pregnancy and portal hypertension. The vast majority of patients are asymptomatic. Symptomatic patients usually present with abdominal pain, syncope, or shock. Ruptured SAA is a catastrophic complication and occurs in 20-50% of cases during pregnancy with reported maternal mortality reaching 75%. The risk of rupture increases when the aneurysm is larger than 2.5 cm [54] . The diagnosis is usually confirmed by crosssectional imaging studies or duplex ultrasound. However, unstable patients may undergo emergency surgery before radiological investigations.
Resuscitation and supportive transfusion are the initial key elements in the management of ruptured SAA. Emergency laparotomy with splenectomy and ligation of the splenic artery is usually performed. Angioembolization is a less-invasive option that can be pursued in highly selected patients [55] .
Hepatic Adenomas
Women with known hepatic adenomas are at high risk for rapid growth during pregnancy secondary to the associated high estrogen state. Hepatic adenomas should be monitored routinely during pregnancy given this risk of rapid growth and rupture. Surgical resection or angioembolization should be considered for large adenomas (> 5 cm) prior to conception [6] . If treatment is required during pregnancy, interventions should be carried out during the second trimester.
Based on the limited available evidence, pregnancy is not discouraged in patients with adenomas less than 5 cm if there is no evidence of complications. Serial follow with imaging studies is recommended to ensure stability [56] .
Chronic Hepatitis B Virus Infection
Multiple societies recommend screening all pregnant women for HBV infection early in pregnancy [57] . This is a key element to reducing mother-to-child transmission as part of the global effort to eliminate chronic hepatitis B. HBV vaccine is effective and safe during pregnancy. Per most recent AASLD guidelines, HBV vaccine should be administered to pregnant women not immune or infected with HBV [58] .
Vertical transmission continues to be a common method of HBV infection, particularly in endemic areas. It is estimated that vertical transmission represents approximately 50% of HBV infection worldwide. High maternal HBV DNA and positive HBeAg are the most important risk factors for mother-to-child transmission. The transmission may occur intrauterine (trans placental), following diagnostic procedures, during delivery, or during breastfeeding. The transmission is not affected by the mode of delivery. The risk for development of chronic HBV infection is 90% when acquired in infancy in contrast to 5% during adulthood [33, 57] .
The risk of HBV transmission can be decreased by initiation of antiviral therapy in the third trimester. AASLD guidelines recommend consideration of treatment if HBV DNA is greater than 200,000 IU/mL in the second trimester in women without standard indications for HBV treatment [58] . However, a double-blinded randomized study published in 2018 showed no additional benefit of tenofovir in the third trimester if infants received HBIG and vaccine at birth [59••] . All infants born to HBV-infected mothers should receive hepatitis B immune globulin (HBIG) and the first dose of HBV vaccine immediately after delivery.
When antiviral therapy is indicated, tenofovir is the first drug of choice. Lamivudine is a potential alternative if tenofovir is not affordable; however, viral resistance remains a concern. Physicians should determine the mode of delivery based on obstetric indications and should not pursue cesarean delivery simply for prevention of HBV transmission. Breastfeeding is not contraindicated if immunoprophylaxis is given at birth [57] .
Hepatitis C Infection
Hepatitis C infection is common among pregnant women with a worldwide prevalence of 8% [60] . AASLD guidelines recommend screening all pregnant women for HCV [61] . The rate of vertical transmission of HCV is 3-5% [62] . HIV coinfection and high HCV viral load are the main risk factors for vertical transmission.
The best strategy to reduce HCV vertical transmission is to eradicate the virus before pregnancy. Per current guidelines, HCV treatment during pregnancy is not recommended owing to lack of safety of the currently available antiviral agents during pregnancy. Breastfeeding is not contraindicated; however, it should be avoided if the mother has cracked or bleeding nipples [61] . The mode of delivery should be based on obstetric indications.
Autoimmune Hepatitis (AIH)
Successful pregnancy outcomes have been reported in patients with AIH. However, disease flare is the major concern as it can be seen in up to 20% of patients during pregnancy and 30-50% in the post-partum period. Therefore, preconception planning is the key. Patients must be in remission prior to pregnancy and preferably to have a stable disease for at least 1 year.
The treatment should be continued throughout pregnancy. Prednisone, budesonide, and azathioprine are the most commonly used agents to treat AIH. Prospective studies demonstrated the safety use of prednisone in pregnancy. However, the data is limited regarding budesonide. Animal studies showed a teratogenic effect of azathioprine. This effect has not been described in small studies in human beings. Therefore, continuation of azathioprine during pregnancy is recommended to maintain remission. The use of mycophenolate mofetil is contraindicated in pregnancy due to the risk of congenital malformations.
Close liver function test monitoring in the post-partum period is recommended given increased risk of flare. LFT should be monitored every 4-6 weeks for the first 3 months. Breastfeeding is generally safe for patients taking azathioprine.
Liver Transplantation and Pregnancy
Fertility is usually restored within 1 year following liver transplantation (LT). Approximately, 8% of women undergoing liver transplantation are of reproductive age. Pregnancy and delivery are feasible after LT with favorable outcomes [63] . Careful planning and close coordination between the liver transplant team and maternal-fetal medicine are key elements prior to pregnancy after LT.
Pregnancy is not recommended within the first year after LT due to the risk of acute cellular rejection (ACR). It should be planned based on excellent graft function, stable immunosuppression, and adequate control of the associated medical conditions. A recent study demonstrated that a preconception renal function predicts pregnancy outcome [64] . Pregnancy outcome is good. However, there is an increased risk of preterm delivery, low birth weight, hypertension, and pre-eclampsia [65••] .
Tacrolimus monotherapy, if feasible, is the ideal immunosuppression. Cyclosporine, azathioprine, and prednisone are alternative options. Mycophenolate should be avoided due to the associated risk of congenital malformations. Graft function and calcineurin inhibitor levels should be monitored every 4 weeks until 32 weeks, then every 2 weeks until week 36, and then weekly until delivery. ACR during pregnancy should be managed similarly to nonpregnant women. Liver biopsy to diagnose ACR can be performed during pregnancy. The evidence to support breastfeeding post-LT remains limited [66] .
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